One of the most important natural processes, with significant environmental impacts, is soil erosion. The aim of this paper is to evaluate and assess the erosion vulnerability of the geological formations constituting Sperchios River basin, in Eastern Central Greece, as well as to distinguish and locate the areas of such risk and estimate it. The developed methodology in this paper is based on Multi-Criteria Evaluation (MCE), with the implementation of Weighted Cartographic Overlay (WCO) technique in Geographic Information Systems (GIS) environment. By applying this method, an attempt was made to combine a set of factors, such as geological-hydrogeological characteristics, morphological slopes and hydrographic texture (causative factors of the phenomenon) along with rainfall (triggering factor) and land cover/use (competitive factor). The weighted combination of these factors defines the vulnerability of the formations in the area of interest. The main results of the methodology are two thematic maps of erosion vulnerability of Sperchios basin's formations, one that does not include land use/cover factor and one with current existing conditions of the basin (co-evaluating land use/cover). In the first case, 36% of the basin surface undergoes high erosion vulnerability, while 53% present medium vulnerability. These percentages reduced significantly in the second case (3% is the high erosion vulnerability category and 38% the medium one), fact that proves the importance of vegetation in erosion restriction and protection of the geological formations consisting the Sperchios River basin.
Introduction
Soil erosion is a natural process, with significant environmental impacts. This natural process constitutes one of the main environmental problems affecting Sperchios River basin in Eastern Central Greece, causing soil degradation and augmentation of sediment yield in the river. The high rate of sediment transport in the river system causes unique changes of the deltaic part and shoreline throughout Greece. Vulnerability assessment and mapping of erosion are of high importance for managing a hydrological basin and constitute useful tools for environmental planning.
Many methods and models are used to assess and analyze this process, both quantitatively and qualitatively. The RUSLE (Revised Universal Soil Loss Equation) is considered as a simple model for predicting soil erosion [1] . It is a model that is an evolution of the Universal Soil Loss Equation (USLE) model, as it considers upstream areas contributing to downstream surface runoff. Thus it is a model with better predictability than the USLE. In this regard, the topographic parameter gains a more grounded scientific connotation, physically improving the previous approach [2] .
In general, the previous methods are used in arable lands with low terrain slopes and mostly in small basins.
From a more qualitative aspect, analysis of spatial information is becoming an emerging approach which is capable of acquiring, managing and analyzing complex problems of river basins and lake watersheds. In recent years, GIS have proven to be a good alternative to serve as a better decision support tool in planning, management and sustainable development of soil and water resources.
Consequently, the integration of multi-criteria evaluation (MCE) within a GIS context could help the relevant authorities to improve decision making processes.
The main purpose of the MCE technique is to investigate a number of alternatives in the light of multiple criteria and conflicting objectives [3] . In the last decade, MCE has received renewed attention in the context of GIS-based decision making [4] [5] [6] . Different studies have been conducted using MCE technique in the area of the natural resources management [7] - [12] .
In this paper, an attempt is made on spatial estimation of soil erosion in large mountainous catchments of Mediterranean type like Sperchios River, using the MCE method. For this purpose, an evaluation based on GIS was adopted. The This paper is based on the methodology presented by [13] and later by [14] , with specific modifications that were considered to be appropriate in this implementation. In particular, the rainfall factor was co-evaluated in the erosion model and weights were assigned in each factor during the phase of synthesis, according to bibliography and experts' opinions. The development of this method offers a more effective and integrated approach in erosion vulnerability research. Conclusively, the methodology developed in this paper is based on multi-criteria evaluation (MCE), with the implementation of Weighted Cartographic Overlay (WCO) technique in Geographic Information System environment.
This method combines a set of factors, such as geological characteristics, morphological slopes, hydrographic network, along with rainfall and land cover/use which are the causative, triggering and competitive factors respectively ( Figure   1 ). The weighted combination of these factors defines the vulnerability of the formations in the study area and is indicated generally as a primary estimation method for their vulnerability, as it can easily be adjusted based on the updated data of every new simulation. 
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The results derived from this attempt provide important and very useful information for the behavior of geological formations under the current conditions of Sperchios basin (with the existing vegetation setting), as well as for the behavior of geological formations under extreme events and unfavorable circumstances such as fire, deforestation, and other natural disasters. In order to accomplish this purpose, two thematic maps were produced, one combining all the factors of the analysis along with land cover/use depicting thus the current condition of the basin and one excluding the land cover/use factor i.e. simulating the worst case scenario for the basin. Therefore, MCE seems to be applicable to GIS-based spatial delineation of erosion vulnerability, which helps to assess the most erosion prone areas in Sperchios River Basin, especially on mountainous and semi-mountainous zones. This rate, according to [15] The river course has shifted many times, but its riverbed and delta still remains in the south part of the valley depositing high volumes of sediments. The overflow channel created in 1957, north of today's riverbed, has created (due to sediment deposit) a wide shallow area in the northwest part of Maliakos Gulf [16] .
Material and Methods

Geomorphological Conditions of the Study Area
Regarding the geological conditions (Figure 3 ), the main rocks that constitute Sperchios valley are igneous and sedimentary [17] - [24] . Analytically, the main geological formations in the west part of the basin are limestones, flysch and clastic sediments. In the north, northeast and southeast parts of the basin, and specifically in Kallidromo Mountain, the main rocks are limestone and schist-crests with ophiolites. In the south part (Oiti mountain), prevailing geological formations are limestones and, in a limited extent, flysch formations.
Finally, the lower parts of Sperchios River valley are covered by quaternary deposits, which constitute the 20% of the basin's extent. These sediments consist of conglomerates, lacustrine deposits, quaternary alluvial deposits, scree, talus cones, as well as Holocene alluvial deposits.
Sperchios River basin, as well as Maliakos Gulf, constitutes an asymmetric tectonic rift.
Data-Spatial Database
The main objective of this study, as mentioned before, is the application of MCE 
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For implementing the methodology of this study, in order to research the erosion vulnerability of the area, various data were collected, evaluated and also created, developing thus a spatial database, described below: The new features that were created after the spatial data analysis, for the study area, are layers concerning lithology, slope, hydrographic density, frequency and texture, rainfall distribution and land cover:
By co-evaluating the above layers the following were produced:
• Erosion Vulnerability without Land Cover
• Erosion Vulnerability with Land Cover
The Coordinate Reference System used for data processing and model analysis is EGSA '87 (Greek Grid).
Model Analysis
Geology Factor (L)
In order to assess the effect of geology in the model an "Erosion vulnerability map of lithological formations" was compiled ( Figure 4 ). For the compilation of this map, a number of geological characteristics were co-evaluated, such as lithology, faults, infiltration and permeability of the geological formations in the study area. Formations were classified in three erosion vulnerability classes according to lithological and hydro-lithological characteristics. The geological and hydrogeological data were evaluated based on bibliography.
Formations with high infiltration, such as carbonate rocks which are fractured and so highly karstified and with discontinuities and cracks, as well as formations with low infiltration, such as schists, are of low erosion vulnerability. On the other hand, formations with medium infiltration rates, such as Neogene sediments and the weathering mantle, can become saturated by long-term rainfalls and thus loosen and erode easily [25] . Accordingly, formations of high permeability, such as karstic formations, Finally, L3 includes loose and more prone to erosion formations, e.g. silts, sales, alluvial deposits, scree, etc.
Slope Factor (S)
In the second map ( Figure 5 ) the morphological slopes (S) of the study area were classified. The "Map of morphological slopes (S)" was produced by analyzing the Digital Elevation Model (pixel size 25 m). Three categories were created based on the slope values ( Figure 5 ). Category S1 includes sites with slope inclination percentages lower than 12%, S2 sites with slope inclination percentages between 12% -35% and S3 values higher than 35%.
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The surface extent of the three categories can be seen in Figure 6 . S1 category occupies 689. 4 
The inclination with percentage from 0 to 12 corresponds to slopes consisting of scree, which are created in high and continuous flow conditions, while the upper limit (12%) is considered to be the slope limit of stable deposition. Consequently, the erosion processes are milder in sites with lower inclination values and higher in sites with increased inclination i.e. more than 12% [25] .
Hydrographic Texture Factor (T)
The third group of maps (Figures 7-9 ) refers to hydrographic texture analysis of the basin (T), which is expressed by the morphometric parameters of hydrographic density (Dd) and hydrographic frequency (Fs). In order to compile these maps, the classes of the river's branches (channel networks) and of sub basins were calculated, as well as the number and the total length of the river's branches for every sub-basin class.
The drainage density and stream frequency are given in Table 1 , according to [26] [27]. Drainage density (Dd) is the ratio of total channel segment lengths, cumulated for all orders within a basin, to the basin area, which is expressed in terms of km/sq·km [26] . Stream frequency or channel frequency (Fs) is the total number of stream segments of all orders per unit area [26] .
On the next step, the sub-basins were classified in 3 categories according to hydrographic density and frequency, namely high, medium, low, with designations D1, D2, D3 ( Figure 7 ) and F1, F2, F3 (Figure 8 ) accordingly. 
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The combination of the two thematic maps of hydrographic density and frequency resulted in the "Map of hydrographic texture" (T). In this map the study area is classified in three categories of low (T1), medium (T2) and high (T3) hydrographic texture ( Figure 9 ) according to Table 2 presented in paragraph 2.3.6.
Rainfall Factor
Rainfall data in Sperchios River basin were evaluated from the records of eight From the spatial and elevation distribution of the stations, the correlation between rainfall and altitude of the stations was estimated and it was found 0.6547, which is considered good (Figure 10 ).
The annual rainfall was found to be between 575 mm and 1426 mm, and so the total water volume of the basin was estimated in 1.687 × 109 m 3 .
Most of the higher rainfall events are observed from October until December (35% of total) and the lower between June and September ( Figure 11 ). The average infiltration rate is about 18% and the surface runoff 12% of the total precipitation. These percentages resulted from the estimation of the hydrological equilibrium of the area (estimation of evapotranspiration based on Thornwaite method, of infiltration rate based on the area's lithology and the active porosity of the geological formations, of rainfall volume from the rainfall data).
The fourth map refers to rainfall distribution in Sperchios River basin ( Figure   12 ). The map was created by the implementation of the linear regression equation ( Figure 10 ), using DEM as the elevation factor ('x' factor in the equation).
Rainfall is the dynamic factor of erosion and acts as an operative cause of the phenomenon on the specific soil and geomorphological characteristics (lithology, slope, hydrographic network, land cover, etc.). 
Land Cover/Use Factor
The next step, which refers to assessing the erosion vulnerability of the basin's formations, concerns the creation of the "Classified map of land use/cover".
Land cover is a competitive and protective factor against erosion. Land use/cover data were obtained from Corine 2000, and were classified into three categories ( Figure 13 ). The first category (C1) includes moorlands and scrublands, natural pastures, areas with sparse vegetation, urban construction, etc. Because overgrazing is associated with desertification in Mediterranean Europe, particularly in the areas prone to fire [29] , it was considered that pastures (due to overgrazing) belong to the vegetation class of insufficient protection against erosion, in order to estimate the worst case scenario of soil erosion in the study area. The second category (C2) includes farmland, hard leaf vegetation, olive groves, rice paddies, vineyards, non-irrigated arable land, etc. Finally, the third category (C3) includes coniferous forests, broadleaved forests, mixed woodland, transitional woodland-shrubland, etc. As it is obvious from the above, C1 category provides low protection in terms of erosion, C2 medium and C3 high protection.
As shown in Figure 14 , the highest percentage of land cover/use is hardleaf vegetation (22%) and non-arable land (17%), while the percentage of bare rocks (0.67%) and vineyards (0.07%) is low.
Classification of Factors
Summarizing the previous steps, Table 2 presents the categorization of the factors Figure 13 . Classification map of the study area based on land use/cover. used in order to synthesize the erosion vulnerability model of Sperchios River basin. The categorization was based on the erosion vulnerability of each parameter's attributes (by grouping them in 3 categories as described in previous paragraphs), or its effect in the phenomenon (rainfall, land cover).
Synthesis of Erosion Vulnerability Factors
For the creation of the "Erosion vulnerability map without land cover factor", weights were assigned for each factor that was previous described, such as: Lithology was evaluated as the main/key factor that contributes to erosion.
Geological formations are the source that offer the erosion material, thus this factor was considered to have the highest importance and contribution in the model (35%). The morphological and hydrographic characteristics of the basin are also of high importance, as these factors constitute the background base for erosion to occur and in this study were considered to contribute equally in the model (20% each). In order for erosion to take place, a triggering factor is needed and rainfall volume is the main one, especially when a hydrological basin is studied. Thus, it was considered as the second most important factor of the model (25%). It is highly important to mention that this study is targeted in ero-sion caused by rainfall and not by other triggering factors (e.g. wind, snowfall and snow coverage, etc.). Furthermore, this study doesn't focus on erosion caused by extreme events (e.g. storms, floods, etc.) but mainly on the volume of rainfall an area receives throughout a year. Finally, it must be underlined, that the contributing significance of each factor in the model was evaluated by bibliographical research and the scientific opinion and experience of the authors.
The map of the erosion vulnerability of Sperchios River basin is a combination of categorized thematic maps of "bare" soil vulnerability (Eb) and land cover/use. Three categories of vulnerability were created, low (Ec1), medium (Ec2) and high (Ec3), according to Table 3 below.
The categorization of the factors (lithology, geomorphology, hydrology and vegetation) in the basin, namely the differentiation of the sub-basins based on the vulnerability of their formations, in this paper consists of three classes low, medium and high. The last category (high) estimates high soil erosion risk areas.
Taking under consideration that land cover (mainly vegetation cover) is the main competitive factor of erosion, Table 3 and the map of soil vulnerability with land cover (the corresponding figureis presented and discussed in the "Results & discussion" chapter) were created. This new map of the erosion vulnerability with land cover factor depicts the real condition of Sperchios River basin.
It must be noted that Table 3 was created taking under consideration that as land cover and vegetation cover category rises the soil protection against erosion rises, thus improving its final categorization, in comparison with the one evaluated by the model (erosion vulnerability of bare soil).
Sensitivity Analysis
In order to evaluate the model's stability and reliability, 4 different scenarios of sensitivity analysis were implemented. As shown in Table 4 , in the 1st scenario Land Cover (C) the contribution of lithology factor in the model was increased by 3%, while the rainfall factor was reduced by 3%. In the 2nd scenario lithology factor was increased by 5% and the rainfall factor reduced by 5%. Scenarios 3 and 4 are the reverse ones of 1 and 2 correspondingly.
Based on the results of the 4 scenarios, area cover and percentage for each new erosion susceptibility category was calculated and compared with the model's corresponding values (Table 5 ).
The previous table presents the area extent (in km   2 ) that each category, of the model and the four scenarios, covers. The same extent is shown also in percentage. Finally, the difference between the extents of each category of the four scenarios with those of the model is presented.
Results and Discussion
Many models are based on assigning weights on the specified factors. The proposed model of this paper is relatively simple and easily applicable and in addition is capable of altering the weights of the factors, in each sub-basin, according to which ones (factors) exceed the rest and enhance the vulnerability of the formations (lithological, geomorphological), which ones enhance the soil material transportation (slopes) and which ones the protection against erosion (vegetation). Additionally, this model can be further developed by including more factors related to soil erosion, in a simple way as this paper indicates where the hydrographic texture was taken under consideration, which is a result of neotectonic activity as well as of precipitation.
The applied methodology, both by overestimating or underestimating, produces acceptable and significant results and allows the qualitative detection of the most sensitive areas to soil erosion, making it an important tool for territorial and environmental management.
As it was discussed above, the "Map of Sperchios River Basin Erosion Vulnerability without Land Cover Factor" that was created by the model of this study is presented in Figure 15 .
As it is revealed from this map, sites, with the highest erosion vulnerability, ). Figure 15 . Classification map of the study area according to erosion vulnerability (without land cover factor).
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The final "Map of Sperchios River Basin Erosion Vulnerability" that was created by the combination of categorized thematic maps of "bare" soil vulnerability (Eb) and land cover/use is presented in Figure 17 . Taking into account the land cover/use factor, a drastic reduction of the Ec2 and Ec3 categories is obvious.
Therefore, formations, whose vulnerability characterization was changed by co-evaluating the land cover factor, are mainly in medium and high vulnerability category ( Figure 19 ).
Specifically, the area's extents that changed category (Figure 20 ), as to their erosion vulnerability classification by co-evaluation of the land cover factor, are Finally, based on the results of the sensitivity analysis scenarios, the model is characterized as highly stable and reliable, because the highest divergence (area cover difference) that was estimated is below 10% (Figure 21, Figure 22 ). The The estimations and conclusions derived from this part of the survey provide information on unfavorable conditions, in extreme events, such as forest fires, destruction of crops etc. Furthermore, in the second stage of the method, in order to better access the actual and physical conditions of the area, the land cover and uses of the basin were taken into account, as land cover/use is a competitive factor to erosion.
From the final map it was concluded that the protective effect of land cover leads to demotion of vulnerability categories in terms of erosion respectively, compared with those that were assessed in the first stage of the model (without taking into account the factor of land cover/use). Thus, the majority of the areas belonging to high category in the vulnerability map of "bare" soil (Eb), changed to medium category in the erosion vulnerability map with land cover (Ec), i.e. 
Conclusions
In this paper, as mentioned before, an attempt is made on spatial estimation of soil erosion in large mountainous catchments of Mediterranean type like Sperchios River, using the MCE method. For this purpose, an evaluation based on GIS was adopted. The applied methodology comprises qualitative analysis. The application of MCE in Sperchios River catchment, aiming at spatial vulnerability assessment of the geological formations, offers in addition valuable assessment of the expected spatial distribution of soil erosion.
This method approximates sufficiently the real conditions of erodibility in Sperchios basin, while the results correspond highly to the ones of other similar methods applied to the area [30] .
The proposed method, described in this paper, is simple to use and can be implemented in all basins regardless of their extent. The application of this methodology, for spatial assessment of the formations' erosion vulnerability, with co-evaluation of selected factors, can constitute the basic research for exploring places in order to carry out technical projects. It can also help proper environmental planning and reduction of economic and social consequences caused by soil erosion in the study region.
Finally, it must be mentioned that this methodology is based on a local model that can be used (as it is or with suitable adjustments) in Mediterranean hydrological basins with same or similar geological formations.
